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Summary. Hyaluronan (HA), an unbranched poly- 
saccharide consisting of repeated glucuronic acid/N- 
acetylglucosamine disaccharide units, is ubiquitously 
present in the extracellular matrix of many tissues (for a 
more comprehensive review see: Fraser et al., 1997). 
Increased amounts of hyaluronan are produced by solid 
tumors and tumor-associated fibroblasts, and tumor- 
induced HA is correlated with poor prognosis. HA is 
well known to stimulate the migration of a large variety 
of cell types. Stimulation of cell migration by HA has 
been explained by different mechanisms. HA was shown 
to specifically bind to cell surface receptors, and 
inhibition of HA-receptor function was demonstrated to 
decrease cell migration and tumor growth. On the other 
hand, HA as a large hydrophilic molecule is also known 
to modulate the extracellular packing of collagen and 
fibrin, leading to increased fiber size and porosity of 
extracellular substrates. Hence a modified matrix 
architecture might similarly account for increased 
locomotion of cells. In this review, we attempted to 
summarize the available data on HA-induced cell 
migration, with particular emphasis on the role of HA 
receptors in three-dimensional cell migration. Although 
the HA receptor CD44 has been shown to mediate 
migration of cells over two-dimensional hyaluronan- 
coated surfaces in vitro, there is only little evidence that 
HA-binding to CD44 or other HA receptors has major 
impact on the locomotion of cells through three- 
dimensional matrices in vivo. We showed recently that 
the promigratory effect of HA in fibrin gels is largely 
due to HA-mediated modulation of fibrin 
polymerization. By increasing the porosity of fibrin gels, 
HA strongly accelerates cell migration. The porosity of 
matrices therefore appears as an important and probably 
underestimated determinant of cell migration and tumor 
spread. 
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Hyaluronan receptors 
The first cell surface receptor identified for 
hyaluronan (HA) was CD44, a broadly distributed 
glycoprotein which plays multiple roles in lymphocyte 
homing, cell activation, and cell migration (Underhill, 
1992; Stamenkovic et al., 1991; Lesley et al., 1993; 
Sherman et al., 1994). The gene for CD44 encodes both 
a transmembrane domain and three HA binding regions, 
two in the extracellular domain and one in the 
cytoplasmic tail (Peach et al., 1993; Yang et al., 1994). 
Probably more than 20 isoforms can be generated by 
alternative splicing and by different patterns of N- and 
0-glycosylation, giving rise to CD44 proteins with 
molecular weights ranging from 85-230 kD. The  
standard isoform CD44s does not include any of the 
variant exons and is found ubiquitously expressed in 
many cell types. The CD44 isoforms containing variant 
exons (CD44v) show a more restricted expression, and, 
most interestingly, have been linked to metastasis and 
tumor progression (Gunthert et al., 1991; Herrlich et al., 
1993; reviewed by Giinthert et al., 1995). CD44s does 
not exclusively bind to HA but also to several other 
ligands including fibronectin (Jalkanen and Jalkanen, 
1992), collagen type I and IV (Carter and Wayner, 
1988), mucosal addressin, chondroitin sulfate (Aruffo et 
al., 1990; Stamenkovic, 1991) and fibrin (Svee et al., 
1996). 
There is ample evidence that CD44 mediates 
adhesion to and migration of cells over surfaces coated 
with hyaluronan in vitro (Thomas et al., 1992; Goebeler 
et al., 1996). It is also clear that inhibition of CD44 
signaling by antibodies or soluble CD44-Ig fusion 
proteins inhibits cell migration and tumor growth in 
different experimental settings in vivo and in vitro 
(Gunthert et al., 1991; Sy et al., 1991; Bartolazzi et al., 
1995; Koochekpour et al., 1995). However, it has not 
definitely been shown that HA binding is required for 
CD44-mediated cell migration under three-dimensional 
conditions and in complex matrices. Considering that 
CD44 interacts with a large number of ligands, it is not 
surprising that antibodies against CD44, for example, 







